Summary.-The surface of single cells isolated from solid tumours by either a mechanical or an enzymatic method have been compared, using lactoperoxidasecatalyzed radioiodination of the tyrosine-containing proteins. Qualitatively, the patterns of surface labelling were similar, and duplicate experiments indicated that each method of isolation gave reproducible results. Analysis of incorporated label into 4 defined sections of the electrophoretic pattern illustrated quantitative differences. When the cells were isolated mechanically, the incorporation into low-mol.-wt. components was considerably reduced, whereas that into the high-mol.-wt. components was unaffected. Treatment of enzymatically isolated cells with trypsin also reduced incorporation into low-mol.-wt. components.
CHANGES in cell surface properties after malignant transformation have been well documented from results obtained on cells grown in vitro (Emmelot, 1973; Hynes, 1976) . Whether these changes exist on the cancer cell in vivo or influence their behaviour in the body is not yet clear. Considering the differences in environment between a solid tumour and a mono-layer culture, it might be anticipated that a direct extrapolation from the in vitro to the in vivo situation is unrealistic.
One obstacle in the past to the study of the surfaces of cells isolated directly from tumours was the likelihood that the disaggregation technique had modified the surface properties of the isolated cell (Weiss, 1967) . With the advent of sensitive methods for the investigation of cellsurface composition (Juliano and BeharBannelier, 1975) , however, it has become feasible to examine this possible effect in more detail. The following investigation describes such a study, in which the surface of cells isolated, by two different methods, from a primary growth of metastasizing lymphosarcoma (Carter, 1966) have been examined.
The methods used to isolate the single tumour cells were homogenization in high concentrations of calf serum and stirring in collagenase. After isolation of the cells by the different procedures, the tyrosinecontaining proteins of their surface membranes were compared, using lactoperoxidase-catalysed radioiodination (Hynes, 1973) .
MATERIALS AND METHODS
Tumours.-Tumours were raised by s.c. implantation of 0-2-mg pieces of a lymphosarcoma in 0 5 ml of Medium 199/Hank's salts (Flow Laboratories, Irvine, Scotland) in 2-4-month-old inbred male Syrian hamsters.
After 18-20 days' growth, the tumours were dissected out. The excised tissue was roughly chopped, and during this process any necrotic and/or fibrous material was discarded. Usually tumours from at least 3 animals were pooled. About 5 g of tumour was washed x 3 with 10 ml of Medium 199, by allowing the pieces of tumour to settle out under gravity and discarding the supernatant.
Cell suspensions -Cell suspensions were prepared mechanically by homogenization of 1 g of washed chopped tumour in 10 ml of Medium 199 containing 10-50% (v/v) calf serum (Flow Laboratories). The tissue was homogenized in a glass tube with 5-20 strokes of a loosely-fitting rubber plunger (Jacob and Bhargava, 1962 Cell suspensions wA-ere prepared enzymatically by placing 1 or 3 g of wAashed chopped tumour in 2-15 ml of phosphatebuffered saline (PBS), pH 7 4, (FlowNL aboratories) containing 0-2 mg/ml collagenase (Type II Sigma Chemical Co., London). This Awas then stirred with a glass-coated metal bar for 20-60 min in a glass universal on a magnetic stirring base (Gallenkamp, London) at Setting 2. The proteolytic activity in the collagenase preparation used was measured as described previously (Hille et al., 1970) . A solution containing 0-2 mg/ ml of the collagenase preparation was found to contain the equivalent of 2 ,ug/ml of trypsin.
The two methods for preparing the cells are subsequently referred to as the "homogenization method" and the "collagenase method" respectively.
Undisaggregated pieces from all cell preparations were removed by allowing them to settle out under gravity, the resultant supernatant being decanted off. Cells were resuspended in Medium 199 (3 ml/g of original tumour). Cell viability was determined by incubating the cells for 5 min at 37°C in Medium 199 containing 0.125% (wr/v) trypan blue and 10% (v/v) calf serum.
The percentage viability was defined as the percentage of unstained cells in the population. Non-viable cells and red blood cells were removed from viable cells by sedimenting 3 ml of cell suspension at 1500 g for 15 min on 10 ml of a mixture containing 6-35% (w/v) Ficoll 400 (Pharmacia Fine Chemicals, London) and 9-97%o (w/v) Hypaque (Winthrop Laboratories, Newcastle-upon-Tyne) (Mavligit, Gutterman and Hersh, 1973 
0-47 mg/ml glutamine, 2-95 mg/ml NaHCO3, 500 u/ml penicillin G and 0 25 mg/ml streptomycin sulphate. The whole was equilibrated with an atmosphere of 20O/ CO2 in air, and incubated for 6 h at 37°C. After this incubation the cells were still in suspension, and therefore easily removed from the growth medium by centrifugation. This w-as followed by Mwashing twice with 10 ml PBS.
Iodination.
-5 x 106 cells in 2 ml PBS containing 5 mM glucose were iodinated as described previously (Hynes, 1973) . Carrierfree Na125J (Radiochemical Centre, Amersham), glucose oxidase (Boehringer) and lactoperoxidase (Boehringer) Awere used at concentrations of 500 tCi/ml, 1 25 ,ug/ml and 50,ug/ml respectively. The viability of the cells was not significantly affected by the iodination process. The final iodinated cell pellet was solubilized by adding 0 3 ml of O-O1M sodium phosphate buffer, pH 7 0, containing 10% (w/v) sodium dodecyl sulphate (SDS), 10/ (wA/v) mercaptoethanol and 2 mM phenylmethylsulphonyl fluoride which was incubated for 10 min in a boiling water bath. After the incubation, 041 g of sucrose was added to the extract and it was stored at -20 0C.
Electrophoresis.-10 ,ul of cell extract wAas applied to 7.50/ (w/v) polyacrylamide cylindrical gels (4 mmx8 cm) containing 0100/ (w/v) SDS, and the sample was separated in 0-2M sodium phosphate buffer, pH 7-2, containing 0.2% (w/v) SDS and 0.0500 (wi/v) bromophenol blue, by the application of 3 mA per gel for about 6 h. Under these conditions, the bromophenol blue migrated approximately 7/8 of the length of the gel. After electrophoresis, the gels were stained for 30 min with Coomassie Brilliant Blue G and destained with acetic acid/methanol/ water. More complete details of the electrophoretic method and the staining technique are given in Weber and Osborne (1969) .
Analysis-Stained gels were chopped into 1-mm slices using a gel slicer (The Mickle Laboratory Engineering Co., Gomshall, Surrey). Each slice w-as counted in a y counter (Gamma/Guard 150, Tracer-Lab, Weybridge, Surrey) and the count corrected for radioactive decav. The count in each slice was expressed as ct/min (cpm) and the position of each slice was given as an Rf value related to the position of the bromophenol blue band. Six identical gels were run for each cell extract and equivalent slices on each gel averaged. This technique was found to eliminate background scatter and generally smooth out the curve between the real peaks.
Collagenase (mol. wt 110,000), fetuin (50,000), pepsin (35,000), trypsin (24,000) and lysozvme (14,300) were used as mol. wt markers in the electrophoretic analyses. All markers were supplied by the Sigma Chemical Co.. London. Table I shows the yield and viability of single cells obtained after homogenization of tumour in Medium 199. When the latter contained no calf serum, microscopic examination of the preparation indicated considerable quantities of cell debris, and the yield of whole single cells was so small as to preclude any accurate assessment. With increasing concentrations of calf serum in the medium, the vield and viabilitv of the cells increased.
RESU-LTS
In addition, increasing the number of strokes of the plunger from 5 to 10 increased the cell vield: however, a further increase in the number of strokes up to 20 decreased the yield. The total incorporated label in Section I was not affected by the method of cell isolation. The largest effect was obtained in Section IV, where the total incorporated label increased nearly two-fold when the cells were prepared by the collagenase method instead of by the homogenization method. Subsequent incubation of the collagenase-isolated cells in the growth medium increased the incorporated label in all sections but, as can be seen, the percentage incorporation was not specific for any particular section.
Trypsin treatment of the collagenaseisolated cells preferentially reduced the label in Sections II, III and IV, particularly in Section IV, where the total incorporation was more than halved. (Hvnes, 1976) . Wle found, however, that 10 jug/ml of trypsin had no effect on the surface-labelling pattern of collagenaseisolated cells, if added before removing all the debris and non-viable cells. This is a higher concentration than that contaminating the particular collagenase preparation we used.
Unexpectedly, the collagenase-isolated cells incorporated more label than the homogenized preparation, and for the material recovered from the acrylamide gels this difference could, to a large part, be due to the difference in label in Section IV of the labelling pattern. This section had 3 dominant peaks which covered a mol. wt range from 14,000 to 35,000 daltons, although it must be borne in mind that glycoproteins do not react completely with SDS (Pitt-Rivers and Impiombato, 1968) . This suggested to us that these relatively smaller components may be more loosely attached at the cell surface and that the homogenization method removed more of this material than the collagenase method, probably because of the rougher nature of the former. The effect of relatively rough treatment on the properties of the cell surface has been clearly demonstrated previously, since single cells prepared from mammary glands by collagenase/hyaluronidase treatment with gentle shaking adhered to glass and grew, whereas after vigorous shaking the cells did not attach to the glass (Wiepjes and Prop, 1970) .
Only 30-40%O of the total label in the extracts was recovered in the slices of acrylamide gels. This lost label could be unincorporated Na125I associated with the cells, which was not removed by the washing procedure, or high-mol.-wt protein which did not enter the electrophoresis gel It is felt, however, that the majority of this lost label was free Na125I, because no more than 2% of the added label was recovered at the cathode. This is also supported by the fact that in each case we determined the radioactivity associated with the total trichloroacetic-acid-precipitable protein, and found that it was virtually identical to that recovered from the gels. Before trichloroacetic acid precipitation, it was necessary to dialyse the aliquot under investigation. Since only about 45%o of the label was recovered at the anode, the total recovery was of the order of 80%, and it is assumed that the rest was bound to the walls of the electrophoresis apparatus.
Several procedures have evolved for the isolation of single cells from tumours, using either enzymatic or mechanical means of tissue disruption, or a combination of the two. In the past, the criteria of success have been frequently based upon viability, morphology or the presence of a specific surface component. Obviously, in any investigation of the cell surface, these criteria are not really sufficient, since they do not necessarily indicate that the process of isolation has not interfered with the cell-surface structure. Studies such as the one we have described are therefore essential. These have indicated that single cells prepared from a whole tumour can have a reproducible surface structure.
